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Abstract 
JASON A. FREEMAN: Genes and Behavior in Context: Moral Communities as a Source of  
Social Control 
(Under the Direction of Dr. Michael J. Shanahan) 
 
Evidence suggests that individual religiosity reduces the effects of genetic propensities 
on risky and antisocial behaviors such as delinquency. Yet the moral communities 
hypothesis suggests that individual religiosity often interacts with contextual religiosity 
in the prediction of antisocial behaviors.  This paper examines interactive patterns 
involving religiosity at the individual and contextual levels and candidate genes in the 
prediction of delinquency and number of sexual partners in adolescence. Data come 
from the genetic subsample of the National Longitudinal Study of Adolescent Health 
(Add Health).  Analyses reveal gene interactions at both the individual level and 
contextual level. Interactions were found to differ between racial and gender sub-
groups. The substantive meanings of these interactions, however, were often 
inconsistent with the moral communities hypothesis. These empirical results likely 
reflect an underpowered sample, a limitation that can be addressed with the release of 
Wave IV DNA data.   
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INTRODUCTION 
Virtually all behavior reflects genetic processes to an appreciable degree (Turkheimer 
2000). Candidate gene studies suggest links between specific genetic variants and a wide range 
of behaviors (Freese 2008) and, even as new approaches emerge to study genetics and behavior 
(e.g., epigenetics), the candidate gene approach will remain a viable strategy to study how 
specific genetic variants are related to specific behaviors (Dick, in press). Considerable attention 
has been devoted to “gene-environment interactions” (“GxE”; see Shanahan & Hofer, 2005) that 
contribute to deviant behaviors, behaviors that are “disapproved or stigmatized by a sizeable 
proportion of members of a society”1 (Bryant and Peck 2007), including some forms of sexual 
behavior, alcohol and drug use, and antisocial behaviors. For example, childhood maltreatment 
and a rare variant of the MAOA gene, when they occur in combination, predict antisocial 
behavior in young adults (Caspi et al. 2002). Gene-environment interactions have also been 
reported involving dimensions of social control (e.g., living with two biological parents) and 
variants of the MAOA, DRD2, and DAT1 genes  in the prediction of serious and violent 
delinquency (Guo, 2008a; see also, Guo et al. 2008b, for an interaction predicting early sexual 
activity).   
Religious factors (e.g., religious beliefs, attendance at religious services) are prominent 
environmental candidates in genetically-informed studies of deviant behaviors, reflecting the 
premise that religion acts as a form of social control that may attenuate the effect of “risky 
genes” on deviant behaviors. Studies generally find that heritability—the proportion of the 
                                                          
1
 It should be noted that in this context deviant behavior does not necessarily refer to behavior that is less 
common, but rather only means behavior that is not socially condoned.  
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variance in a behavior due to genetic variation (Guo and Tong 2006)—of deviant behaviors is 
lower for those who report higher levels of religiosity compared to  those who report lower 
levels  (Shanahan & Hofer, 2005).  For example, the heritability of alcohol initiation is 40% 
among non-religious females and 0% among females who have a religious upbringing 
(Koopmans et al. 1999a; for smoking, see Boardman, 2008). 
 While empirical study continues to reveal much about the connections among 
religiosity, gene expression, and deviant behaviors, virtually all such research suffers from the 
same limitation: the conceptualization and measurement of religious factors on the level of the 
individual rather than as characteristics of social environments. Research within the sociology of 
religion, however, suggests that religion has unique individual and community-level properties 
that may well interact in the prediction of deviant behaviors (Regnerus 2003; Stark 1996; 
Burkett and White 1974).  For example, Protestant religious homogeneity, at both the school 
and county levels, strengthens the negative relationship between being a self-identified “born 
again” Christian and theft (Regnerus, 2003).  Such findings can be interpreted as support for the 
“moral communities thesis,” which posits that religion affects behavior both directly through 
belief and indirectly through the group’s enforcement of social norms (Stark 1996).  
This paper joins the literatures on gene-environment interactions in the prediction of 
deviant behaviors and the moral communities thesis by examining the relative contributions of 
individual religious factors and religious environments to gene-environment interactions that 
lead to deviant behaviors (delinquency and deviant sexual behaviors). To the extent that prior 
genetically-informed research has focused on individual religious behaviors and neglected the 
religious environment, the importance of religion in gene-environment research may be under-
appreciated. This paper considers the following questions: Do individual religious factors 
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moderate the association between genetic variants and deviant behaviors? Do religious 
environments moderate the association between genetic variants and deviant behaviors? 
Indeed is there a three-way interaction among genetic polymorphisms, individual religious 
factors, and religious environments in the prediction of deviant behavior? And are these 
patterns the same for groups defined by sex and race/ethnicity? 
MORAL COMMUNITIES AND GENE-ENVIRONMENT INTERACTIONS 
The study of genetic influences on human behavior is an emerging area of study within 
sociology (e.g., Bearman et al., 2009) but is not a perspective that is widely represented within 
the sociology of religion (cf. Bradshaw and Ellison 2008; Eaves et al 2008; D’Onofrio et al 1999). 
Religiosity—the individual’s level of “religious participation, religious belief and personal 
religious devotion” (Wilcox 2005:99)—may reduce the likelihood that individuals will participate 
in acts that deviate from social norms (Stark and Bainbridge 1996:1). Religiosity is a 
multidimensional concept consisting of both attitudinal components (beliefs, values, feelings) 
and behavioral components (attendance at religious services, prayer). While these components 
of religiosity are typically highly correlated, they may affect behaviors by way of several distinct 
mechanisms (Idler and Kasl 1997). For example, religious attendance has been found to reduce 
mortality risk for Whites and Blacks through increased social support (Ellison et al 2000; 
Hummer et al. 1999) while religious beliefs have been found to decrease mortality risk by 
encouraging specific coping behaviors (Koenig, George and Peterson 1998).  
Numerous studies find a direct inverse relationship between an individual’s level of 
religiosity and his or her likelihood of participating in deviant acts such as delinquency (Petts 
2009, Smith 2003), and deviant sexual behavior (Lefkowitz et al. 2004; Rostosky, Regnerus, & 
Wright, 2003).  For example, a significant negative correlation exists between frequency of 
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church attendance and a number of delinquent behaviors, including skipping school, carrying a 
weapon, using drugs, and fighting (Higgins and Albrecht 1977). Similarly, a significant negative 
relationship exists between religious attitudes and behaviors (e.g., belief in supernatural deities, 
frequency of attendance at religious services, frequency of participation in religious activities 
and frequency of personal prayer) and the frequency of deviant acts such as drug and alcohol 
use, premarital sexual behavior, theft, and fighting (Albrecht et al 1977). Thus, the association 
between genetic factors and deviant behavior should be weaker for religious individuals 
compared to non-religious individuals (Hypothesis 1).  
 While some findings from past research appear to support the assumption that 
religiosity and deviance are inversely associated, other studies find that an individual’s level of 
religiosity does not always predict his or her likelihood of participating in delinquent acts (see 
Hirschi and Stark 1969 and Burkett and White 1974).  The moral communities thesis was 
originally proposed to account for the lack of consistency among studies of religiosity and 
deviance by suggesting that a different dimension of religiosity, religiosity created through 
group interaction, is responsible for religions ameliorative effect on individual behavior. A moral 
community is “a community integrated by shared beliefs which sustain conformity” (Stark and 
Bainbridge 1973). The concept of a moral community can be traced back to the work of Emile 
Durkheim in The Elementary Forms of the Religious Life (1907), where he defines religion as “a 
unified system of beliefs and practices relative to sacred things—beliefs and practices that unite 
adherents in a single moral community called a church.”  
Religious communities constitute moral communities only when religious beliefs are 
reflected in the norms within the community that regulate behavior within that community.  
Many studies find that contexts characterized by strong religious norms tend to have lower 
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rates of deviant behavior than environments characterized by weaker or nonexistent religious 
norms (see Regnerus 2005:267; Chadwick and Top 1993; Elifson et al 1983; Tittle and Welch 
1983). For example, counties and schools with higher the proportions of adherents to 
Conservative Protestant denominations, on average, have lower rates of delinquent behaviors 
than counties and schools with lower proportions of adherents of Conservative Protestant 
denominations (Regnerus 2003). Moral communities are composed of networks of individuals 
who adhere to a common set of religion-based social norms which influence the behaviors of 
others within their network through a mix of “sanctions, expectations, and demands” (Regnerus 
2005: 267).  These sanctions, expectations, and demands limit the behavior and choices of 
individuals within moral communities by regulating the level of social resources and support 
available to an individual within their social network. Accordingly, the association between 
genetic factors and deviant behaviors should be weaker within environments characterized by 
strong religious norms compared to environments with weak or non-existent religious norms 
(Hypothesis 2). The religion-based social norms which characterize moral communities likely 
have an effect on the behavior of individuals beyond that of individual religiosity.  
Studies also find that beliefs and attitudes coupled with subjective social norms, which 
are “people’s perceptions of the extent to which others who are important to them think they 
should perform a behavior” (Terry and Hogg 2006) strongly influence an individual’s intention to 
perform a behavior, which ultimately influences whether or not an individual actually performs 
that behavior (Fishbein and Ajzen 1976). The moral communities’ system of sanctions and 
rewards and demands thus provides added social pressure to adhere to specific religious norms. 
A religious person who is not connected to such networks would likely lack the social pressure to 
adhere to the religious norms.   
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Some empirical evidence does indeed suggest an interaction between individual and 
contextual religiosity. Regnerus (2003) reports an interaction between individual-level measures 
of conservative Protestantism and conservative Protestant homogeneity on both the school and 
community level:  people who self-report as “born-again” and who also attend religiously 
homogeneous schools and reside in religiously homogeneous communities report significantly 
lower levels of theft than born-again Protestants in contexts where they are a religious minority. 
Regnerus describes that contextual religion, in this case, serves as a “light switch” for individual 
religiosity (Regnerus 2005:268). In homogeneously conservative Protestant communities, 
Regnerus argues, members of conservative Protestant communities mark clear boundaries 
between people who constitute the religious groups and those who are outside of the group. In 
turn, these clearly defined groups act as a source of social control, enhancing the ability of the 
group to monitor and enforce (often tacitly) the group’s expectations. This research suggests 
that moral communities may be more effective in regulating the behavior of those who are 
more religious than those who are less religious or not religious at all, consistent with finding by 
Terry and Hogg (2006) that norms have a stronger effect on the behavior of those who identify 
strongly with the other members of the moral community compared to those with little or no 
identification with this group. These considerations suggest that the association between 
genetic variants and deviant behavior will be weakest among individuals who display high levels 
of individual religiosity within environments characterized by strong religious norms (Hypothesis 
3).  
While contexts defined by strong religious norms tend to reduce the overall level of 
deviance, the effect of these contexts differs across categories of deviant behavior. For example, 
moral communities tend to have a stronger impact on “victimless crimes” (also known as 
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“ascetic” offences *Regnerus 2005:269+) than on comparatively more severe forms of deviance 
(e.g. acts of physical violence such as rape and murder) (Regnerus 2005:269; Bainbridge and 
Stark 1996:58; Burkett and White 1974). A possible explanation for this difference is offered by 
the “anti-asceticism hypothesis,” which posits that serious crimes (e.g., homicide) are less 
affected by religious norms because these behaviors tend to controlled by secular forms of 
social control along with religious forms of social control. Less severe forms of deviance (e.g. 
deviant sexual behavior), in contrast, are almost exclusively regulated by religious institutions, 
which causes effect of religious norms on the less severe forms deviance to be more 
pronounced (see Regnerus 2005:269; Lee and Bartkowski 2004; Cochran and Akers 1989; 
Burkett and White 1974).  Because of the weaker ability of moral communities to regulate 
violent crimes, it is likely that moral communities would have less impact on the relationship 
between gene-variants and violent forms of deviance. 
MORAL COMMUNITIES, SEX, AND RACE 
 Moral communities may also have a stronger effect on groups that are more susceptible 
to the influence of religious norms. For example, stronger regulation of deviant acts committed 
by females has long been identified by researchers interested in deviant behavior. Researchers 
have indicated that negative sanctions against deviant acts by females is often more severe than 
the sanctions for comparable acts by males (see Stolley 2005:110). On average, deviant behavior 
is lower among females, which may be the result of these stronger sanctions. Similarly, racial 
differences in rates of deviance may also be the result of differences in how social norms 
applied across racial groups. For example, there is some evidence that norms of sexual behavior 
among African American males may increase sexual activity rather than suppress it. This leads to 
the final hypothesis which will be tested in this paper that the effect of gene variants on 
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deviance should differ between males and females and between Whites and African Americans 
(Hypothesis 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DATA AND MEASURES 
SAMPLE 
Add Health. The National Longitudinal Study of Adolescent Health (Add Health) is a 
nationally representative sample of adolescents in grades 7–12 in the United States. The 
National Quality Education Database provided the sampling frame with its list of all high schools 
in the United States (N = 26,666). To qualify, a high school had to include an eleventh grade and 
to have an enrollment of more than 30 students. From this frame, 80 schools were selected. The 
sample was stratified according to several distinctions, including region, urbanicity (suburban, 
urban, or rural), school type (public, private, or parochial), ethnic mix, and size. Fifty-two of the 
80 schools agreed to participate, and 28 replacement schools were selected based on the 
stratifying variables. Each of the 80 schools was paired with a middle school (based on its 
contribution to the high school student body). A total of 145 of the schools agreed to host a 
confidential in-school survey that focused on adolescent health and friends. This first wave 
yielded 90,118 students from grades 7–12 (in 1994). Nearly four out of five schools provided a 
roster from which the first in-home interview sample was drawn. From the rosters, students 
were randomly selected for a one-and-a-half hour interview, conducted in the home. 
Approximately 200 students were recruited from schools in each school pair, regardless of size. 
This procedure resulted in a self-weighting sample. A total of 20,745 adolescents in grades 7–12 
(ages 11–19) were interviewed at home. This in-home wave of interviews with target child and 
parent was carried out in 1995, between April and December. A third wave was collected 
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between August 2001 and April 2002 from wave-1 participants, resulting in 15,197 18–26-year 
olds.  
DNA Sub-Sample. The DNA sub-sample of Add Health, from which all sib-ship and 
genetic data is taken, is composed of 1,249 full sibling pairs, 424 half-sibling pairs, and 657 
biologically unrelated pairs. DNA data were collected from some of the sibling pairs at wave 3 (n 
= 2,574), with genotyped data available for 2,557 individuals. The average sibship size among 
the 2,557 individuals is 1.88 (sd = 0.46); an inspection of the frequency distribution for sibship 
size shows that almost 79% of the respondents have one other sibling in the data set, and about 
17% are singletons. 64% of the cases arose from the Add Health probability sample, and 36% of 
the pairs were collected as a convenience sample, thus, the DNA subsample of Add Health is not 
a probability sample. The DNA sub-sample is unweighted, but comparisons between the fully 
weighted wave-1 school-based data set and the DNA subsample (not shown, but available upon 
request) reveal similar levels of parental SES, parental involvement in school, and school quality, 
as well as somewhat higher levels of talking to parents about school in the DNA subsample. 
These comparisons also reveal that people in the DNA subsample have parents who are more 
highly educated and that they are also more likely to belong to a non-intact family and to live in 
the West (as opposed to the Northeast) and suburban (as opposed to rural) communities. 
Analytic Sample. The analytic sample draws on data collected from students and parents 
from waves 1 through 3. All dependent variables are taken from wave 2 data, genetic data is 
taken form wave 3 data and all other variables are taken from wave 1 data. The full analytic 
sample is composed of 2326 individuals who are part of a monozyotic twin pair (11%), dizygotic 
twin pair (14%) or non-twin full sibling pair (75%).  For hypothesis 4, the genetic sub-sample is 
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split into 4 sub-groups: White Males (n=735; 31.6%), White Females (n=825; 35.5%), Black Males 
(n=179; 7.7%) and Black Females (n=204; 8.8%)2.   
Missing Data. In order to account for missing data within the analytic sample. Multiple 
imputation was used to fill in missing cases for all missing dependent variables. Five datasets 
with imputed value were created within STATA and the datasets were combined using  the 
multiple imputation option with the HLM program. 
                                                          
2
 Sub-group analyses were not included for non-black minorities due to the infeasibility of dividing these 
groups by gender due to reduced statistical power caused by small cell sizes.  
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DEPENDENT VARIABLES 
Serious Delinquency. The serious delinquency scale includes 12 items which are: 
Deliberately damaging the property of others, hurting someone badly enough to require 
bandages or care from doctors or nurses, stealing something valued at more than  $50, burglary, 
using or threatening to use a weapon in a robbery,  selling drugs, stealing something valued at 
less than $50, participating in a group fight, pulling a knife or gun on someone, shooting or 
stabbing someone, carrying a weapon to school, being injured in a fight. As shown in Table 1, 
serious delinquency scores (mean=1.21, s.d. =2.78) are typically low among the respondents in 
the sample.3 For these analyses individuals who answered yes for the question, “In the past 12 
months did you shot or stabbed someone?” and answered “0” for the question “In the past 12 
months, how often did you hurt someone badly enough to need bandages or care from a doctor 
or nurse?” were excluded due to the apparent contradiction. 
Deviant Sexual Behavior. Deviant sexual behavior is measured as a respondent’s number 
of sexual partners in the months following their last Add health interview (mean number of 
months=11.54). These data are based on the question, “Since of the month of the last interview, 
with how many people, in total, including romantic relationship partners, have you ever had a 
sexual relationship?”  Preliminary scatterplots show that the models ability to predict of number 
of sexual partners is greatly reduced for respondents with more than 20 partners (n=6; 0.03%); 
therefore these individuals have been excluded from the analysis. As a result of this exclusion, 
the number of sexual partners within the sample range from 0 to 18 with most respondents 
(82.67%) indicating no sexual partners between Waves I and II. 
                                                          
3
 Initially violent delinquency was examined along with serious delinquency and number of sexual 
partners, however, to simplify the analyses I focus on serious delinquency. Initial analyses provided mixed 
support for the anti-asceticism thesis which posited that, “serious crimes (e.g., homicide) are less affected 
by religious norms because these behaviors tend to controlled by secular forms of social control along 
with religious forms of social control.”  
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INDEPENDENT VARIABLES 
Genetic Factors. Variants of 2 genes associated with deviant behavior (DRD2, DAT1; see 
Guo et al 2008a, Guo et al 2008b and Caspi et al. 2002) measured at wave 3 are used in the 
analysis. 4  
TaqIA A1+.The D2 dopamine receptor gene (DRD2) is a gene on chromosome 11 (q23.1) 
that encodes the D2 subtype of the dopamine receptor and plays a critical role in the 
functioning of many neural circuits in the human brain (Shanahan 2008). Studies have found 
linkage between DRD2 and a polymorphism of the TaqIA polymorphism of the ankyrin repeat 
and kinase domain containing 1 (ANKK1) gene, a neighboring gene (Fossella et al. 2006). TaqIA is 
a single nucleotide polymorphism (SNP) in the protein the encoding region of ANKK1 that is 
downstream of the protein coding region of DRD2. Studies (see Thompson et al 1997) find a 
significant relationship between having at least on copy of the A1 allele of the TaqIA 
polymorphism (TaqIA A1+) is linked to reduced reuptake of dopamine in the brain. Having at 
least one copy of the A1 allele has been linked to impulsivity in humans (see Eisenberg 2007) 
and specifically it has been linked to adolescent delinquency (See Guo 2008a) and substance 
abuse (See Esposito-Myer et al).  In the analysis TaqIA risk is coded as having at least one copy of 
the A1 allele (hereafter, A1+, with individuals lacking a risk allele referred to as A1-). In the 
analytic sample about 45% of the respondents carry the risk allele of TaqIA, although this figure 
varies somewhat by groups defined by sex and race/ethnicity (results available upon request).   
                                                          
4
 A third gene variant, the 2 repeat allele variant of the Monoamine Oxidase A gene (MAOA), was 
examined in preliminary analyses, but results are not reported here given the exceedingly small number 
of respondents (n=11)  with this variant within the genetic sub-sample.  
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 DAT1 10R/10R.The dopamine transporter (DAT1) is a gene located on chromosome 5 
(p15.3) that is responsible for limiting the amount of dopamine available in the synapse. A 40 
base pair variable number tandem repeat (VNTR) polymorphism of DAT1 has been associated 
with lower levels of DAT (Dopamine Active Transporter), a chemical which limits activation of 
dopamine receptors in the brain.  The 10-repeat allele of DAT1 has been associated with 
symptoms of Attention Deficit Disorder (ADD) (see Cook et al 1995), substance abuse (see Vase 
et al., 2009), delinquency (See Guo et al. 2008a) and number of sexual partners (See Guo et al. 
2008b). In the analysis DAT1 risk is coded as being homozygous for the 10-repeat allele (DAT1 
10R/10R). The DAT1 risk genotype is carried by 60% of respondents in the the analytic sample, 
similar to the proportion that what was reported by Guo and colleagues (2008a) in their study of 
delinquency. 
Moral Communities. Moral communities, as evidenced by the strength of religious 
norms, are measured at the county level.  Religious norms are measured as the proportion of 
Conservative Protestant adherents in a county. While moral communities are not limited to 
conservative Protestants, multiple studies have found no effects for other groups including 
Catholics and Black Baptist adherents (see Maimon and Kuhl 2008). This is likely because 
conservative Protestant adherents are more effective at maintaining distinctive in-group 
identities within a variety of contexts within the U.S. According to Table 1, the proportion of 
conservative Protestants in the average county in the analytic sample is 33%.  At least two 
studies (Maimon and Kuhl 2008; Regnerus 2003) found a negative relationship between deviant 
behaviors (suicidality and delinquency) and proportion of Conservative Protestant adherents on 
the county level. All county level measures in this analysis are based on data collected by the 
Church Growth Research Center at the Church of the Nazarene, which is located in Kansas City, 
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Missouri (See Regnerus 2003 and Bradley et al 1992 for a complete description of the data). 
These data have been incorporated into Add Health and are widely used by social scientists.  
 Individual Religiosity. Three measures of individual religiosity are used for this analysis: 
A measure of religious attendance, religious salience (importance) and whether or not a 
respondent thinks of his or herself as a “born again Christian.” First, religious attendance is a 
dichotomous variable which indicates whether a respondent attends religious services weekly or 
more. According to Table 1, on average, 44% of respondents in the analytic sample attend 
religious services weekly or more. Guo and colleagues (2008a) found that attending religious 
services at least weekly significantly reduces levels of serious and violent delinquency.  Research 
suggests that religious attendance among adolescents may be a “proxy for parental attendance” 
(Regnerus 2003:530), although it is infeasible to parse out those who attend religious services 
due to a desire to attend from those who are there involuntarily with the available data and 
therefore only a measure of adolescent religious attendance is used. Second, the measure of 
religious salience is a dichotomous variable measuring whether or not a respondent believes 
religion is very important. As shown in Table 1, 43% of respondents in the analytic sample 
believe religion to be very important. Religious salience may serve as a measure of the strength 
of an individual’s belief which may indicate the extent to which religious teachings have been 
internalized and/or the level of investment an individual makes in his or her religious life on a 
daily basis. Finally, the measure of whether or not a respondent thinks of his or herself as being 
a “born again Christian” is a dichotomous variable. As shown in Table 1, 30% of respondents in 
the analytic sample self-report as born again Christian. Regnerus (2003) reports an interaction 
between thinking of oneself as a born again Christian and being in religiously homogeneous 
school and county environments which decreases and individuals likelihood of participating in 
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deviant acts.  In these analyses the “born again” designation is viewed as a proxy for 
conservative Protestantism on an individual-level. It is included a measure of religious identity 
instead of denomination affiliation due to the fact that born again status requires individuals to 
“choose” their religious identity, which is not necessarily the case with traditional 
denominations  
  The percentage of the total sample for both religious attendance and religious salience 
is somewhat high in our sample compared to comparable studies.  Studies have found that 
around 30% of respondents attend religious services at least weekly and the same percentage 
believes religion is very important in their lives. No comparable youth study was found to have a 
variable asking about the percentage of individuals who self-identified as a born again Christian. 
 
CONTROL VARIABLES 
Socioeconomic Status (SES). SES is measured by two separate variables: a variable 
measuring highest level of a respondent’s parent’s education and a measure of family income. 
The highest completed parental education is coded as eighth grade or less = 0, more than eighth 
grade but did not complete high school or went to business, trade, or vocational school instead 
of high school =1; high school graduate or completed a GED=2; went to business, trade, or 
vocational school after high school, or went to college but did not graduate = 3, graduated from 
college or university = 4, professional training beyond a four-year college or university = 5. As 
shown in Table 1, a majority (63.96%) of respondents’ parents in the analytic sample received at 
least some college. Family income is a variable that measures the estimated level of income 
rounded to the nearest thousand dollars as reported by a respondent’s parent.  A large number 
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of cases (n=524; 22.5%) are missing. The average income of respondents in the analytic sample 
is $49, 000 a year.  
Social Integration. Social integration is measured by three variables: A dichotomous 
variable measuring community integration that indicates whether or not a respondent knows 
most of the people in his or her neighborhood and two variables that measure family 
integration which include a dichotomous variable measuring whether a respondent eats meals 
with his or her parents 6 days per week and a dichotomous variable measuring whether or not a 
respondent’s parents is married at the time of interview at wave I.  Community integration may 
cancel out any effect of individual or county level religiosity. As shown in Table 1, 71% of 
respondents in the analytic sample indicate that they know most of the people in their 
neighborhood.   
In regards to family integration, having two married parents may reduce and individual’s 
level of deviance, net of the effect of individual religiosity. As shown in Table 1, 75% of 
respondents in the analytic sample have at least one married parent. Guo et al. (2008A) found 
that eating meals with parent at least 6 days a week reduced the impact of the risk TaqIA allele 
on serious delinquency.  As shown in Table 1, 90% of respondents in the analytic sample eat 
dinner with at least one parent nightly.   
Social Deviance. Two count-level variables measuring deviance at wave I are included in 
the analysis: serious delinquency and number of sexual partners. The serious delinquency 
variable at wave I is based on the same items used for serious delinquency at wave II. Serious 
delinquency in wave I is slightly higher than in wave II with a large dispersion of scores 
(mean=2.00; s.d. =4.00) The variable measuring number of sexual partners at wave I is based on 
the question, “Since January 1, 1994, with how many people in total have you had a sexual 
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relationship?” the mean number of sexual partners for individuals in the analytic sample in wave 
I is 1 sexual partner since 1994 (s.d. =2.00). 
Sibling Type. Sibling type is controlled for each sibling pair.  Respondents indicated 
whether or not they were part of a monozygotic (MZ) twin pair, dizygotic (DZ) twin pair or a 
non-twin full sibling (FS) pair. One mixed sibling group which included three cases was dropped 
to avoid having to double-count individuals in both a twin and full sibling pair.  11% of 
respondents in the analytic sample are part of a monzygotic twin pair; 14% of respondents in 
the analytic sample are part of a dizygotic twin pair and 75% of respondents in the analytic 
sample are part of a non-twin full sibling pair.   
County Characteristics. Three variables measure county-level characteristics, they 
include: Total population, population density and proportion of county that is considered 
urbanized. Population density is measured as person per square kilometer. Mean county 
population is approximately 510,410 residents and mean population density is 0.36 (s.d. = 0.76), 
which means that the average county has approximately 1 person for every 3 square kilometers. 
This indicates the presence of numerous sparsely populated counties within the sample. 
Population density is calculated as the total population of a county divided by the total area of 
the county in square kilometers and is measured as person per square kilometer.  Urbanization 
is measured as the proportion of the county that is considered urban. An urbanized area, as 
defined by the Bureau of the Census, “comprises one or more places (“central place”) and the 
adjacent densely settled surrounding territory (“urban fringe”) that together have a minimum of 
50,000 persons” (“National Longitudinal Study of Adolescent Health: Part 1 Wave I and II 
Contextual Database” 1998). Research going back to Ferdinand Toennies and Georg Simmel 
indicate that social bonds are weaker within urbanized environments compared to more rural 
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areas (Stolley 2005:169). For the analytic sample, on average, 52% of the population of each 
county lived in an urbanized area between 1985 and 1990. 
County-Level Sociodemographic Composition. Three variables measure county-level 
sociodemographic of each county, they include: The proportion of Whites in a county; the 
proportion of Blacks in a county and the proportion of individuals living below the poverty line in 
a county. At the county-level, controls for the proportion of whites in a county as well as the 
proportion of Blacks in a county are included as measures of community racial heterogeneity. As 
shown in Table 1, on average, about 83% of a given county’s population is self-reported White 
and about 12% of the population is self-reported Black.  Measures of the proportion of 
individuals living below the poverty line in a county are included as a measure a community’s 
socio-economic status. As shown in Table 1, on average, 14% of respondents in a given county 
live below the poverty line.  
County-Level Integration. County-level integration is measured as the proportion of 
individuals 5 years old or older who resided in the same county between 1985 and 1990. 
Researchers have postulated that high residential mobility could lead to weaker social bonds, 
and therefore weaker norms within a county (Regnerus 2003, Osgood and Chambers 2000). For 
the analytic sample, the mean proportion of respondents who resided in their county since age 
5 is 79%.  
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ANALYTIC STRATEGY 
THEORETICAL MODELS 
 Figure 1 shows the general path that the interaction models are proposed to follow vis-
à-vis the 4 hypotheses. Religiosity at both the individual and contextual level is predicted to 
have a suppressive effect on the association between genetic factors and deviant behavior. The 
model shows that the genetic factors, which are measured during wave III of Add health5, will be 
associated with an increase in deviance (delinquency level and number of sexual partners) 
measured at wave II.  The model also shows that several control variables, including a lagged 
measure of deviance, measured at wave I, are predicted to also influence and individual’s level 
of religiosity net of the effect of genetic or religiosity factors.  
 
STATISTICAL MODELS  
The hypotheses presented in this paper suggest both additive and interactive effects of 
religiosity at the individual and contextual levels and genetic risk factors on indicators of 
deviance. Because of the nesting of the individual-level data within both sibling pairs as well as 
counties, hierarchical linear models (HLM) are used to model the effects of individual religiosity 
and genetic risk factors on indicators of deviance within and between contextual units. HLM 
models are ideal to model these effects because they provide precise estimates of the standard 
errors, accounting for the effect of clustered data (Raudenbush and Bryk 2002). A three-level 
HLM model is used for these analyses to account for intra-class correlation within sibling pairs at 
                                                          
5
 Genetic factors are assumed to be static variables and therefore are presented here as exogenous 
variables even though they are measured after the endogenous variable they are associated with. 
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level 2 and within counties at level 3. Within this three level structure, the level-1 intercept in 
estimated using the level-2 coefficients and error and the level-2 intercept is estimated using 
the level-3 coefficients and error as shown below.  
Yij(s) = β0ij(s) + β1 j(s)R1 ij(s) + β2 j(s)G2 ij(s) + β3 j(s) (R1 ij(s) . G2 ij(s)) +… βk j(s) Ck ij(s)  [Eq. 1] 
β0ij(s)= π0ij + π 1 j MZ1ij + π 2 j DZ2ij + r0 [Eq. 2] 
π 0ij= γ0j +u00  [Eq. 3] 
where at level-1 
Yij(s) = Predicted deviance of respondent i in county j for sibling type (s) 
β0j(s) = Level of deviance in county j for sibling type (s) when random effects equal 0 
β1 j(s)R1 ij(s)= Effect of individual religiosity on deviance in county j for sibling type (s) 
β2 j(s)G2 ij(s) = Effect of genetic risk on deviance in county j for sibling type (s) 
β3 j(s) (R1 ij(s) . G2 ij(s)) = Interaction effect of individual religiosity and genetic risk on 
deviance in county j for sibling type (s) 
βkj Xk ij(s) = Effect of Level-1 Control Variables on deviance in county j for sibling type (s) 
at level-2 
π 0ij = Level of deviance in county j for an individual i in a non-twin pair minus level-2   
error 
π 1 j MZ1ij = Effect of identifying as monozygotic twin on deviance in county j 
π 2 j DZ2ij = Effect of identifying as dizygotic twin on deviance in county j 
r0 = error due to level-2 random effects 
and at level-3 
 γ 0j = Mean deviance when all random effects equal 0 in county j 
u00 = error due to level-3 random effects 
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Equation 1 is the level-1 model which estimates respondent i’s deviance based on the additive 
effects of individual religiosity and genetic risk factors, along with the interactive effects of both 
those predictors6 for a given county, in this case county j.   Equation 2 is the level-2 model which 
estimates respondent i’s deviance based on the effect of sibling type and belonging to a 
particular sibling pair. Equation 3 estimates respondent i’s deviance based on the effect of 
county-level religiosity and control. Equations 1-3 test Hypothesis 1 which predicts a significant 
interaction effect between individual religiosity and genetic risk where the effect of genetic risk 
variants are weaker for individuals who are religious.   
In order to test hypothesis 2, the level-1 interaction term is removed from the level-1 
equation and county-level religiosity and controls are added to the level three equation. A cross-
level interaction between contextual religiosity and genetic risk is included to reveal any 
relationship between county-level religiosity and genetic risk on the level of deviance. 
Yij(s) = β0ij(s) + β1 j(s)R1 ij(s) + β2 j(s)G2 ij(s) +… βk j(s) Ck ij(s)  [Eq. 4] 
β0ij= β0j + β1j CR1j + βkj Ckj + u00                   [Eq.5]  
β2 j(s)G2 ij(s) = γ20 + γ21 CR1j      [Eq.6] 
where 
γ 1j CR1j = Effect of contextual religiosity on deviance in county j 
               γkj Ckj = Effect of county-level controls on deviance in county j 
               γ20= Grand mean of genetic risk  
               γ21 CR1j = Effect of contextual religiosity on genetic risk  
  
                                                          
6
 In the interest of simplicity, equation 1 assumes a linear dependent variable.  
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To test hypothesis 3 the religion-gene interaction is re-entered into the level-1 model, 
returning the level-1 model to its form in equation 1 and cross-level interactions with contextual 
religiosity are included for both the religion-gene interaction as well and individual religiosity.  
β1 j(s)R1 ij(s)= γ10 + γ11 CR1j                     [Eq. 7] 
β3 j(s) (R1 ij(s) . G2 ij(s)) = γ30 + γ31 CR1j     [Eq. 8]  
where 
 γ10 = Grand Mean of individual religiosity 
 γ11 = Effect of contextual religiosity on individual religiosity 
 γ20 = Grand mean of gene-religiosity interaction 
 γ21 = effect of contextual religiosity on gene-religiosity interaction  
The addition of the cross-level county-level religiosity term creates a three-way 
interaction between individual religiosity, genetic risk and county-level religiosity. In order to 
test Hypothesis 4, the overall sample will be split into four sub-groups: White Males (n=720), 
White Females (n=806), Black Males (n=168) and Black Females (n=194). These tests will allow 
for the estimate of race and gender specific coefficients.  
 The above-equations are simplified in that the dependent variables are actually count 
measures. To address this, a link function is included to estimate level-1 parameters based on a 
Poisson distribution. 
ηij = log (λij)                       [Eq. 9] 
where            
ηij = log of rate of deviant acts in county j 
λij = rate of deviant acts in county j 
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The log link function allows for the incorporation of log event’s rates’ predictors (log (λij)) in the 
level one equation, which is as follows (Raudenbush and Bryk 2002): 
ηij = log (λij) = β0ij(s) + β1 j(s)R1 ij(s) + β2 j(s)G2 ij(s) + β3 j(s) (R1 ij(s) . G2 ij(s)) +… βk j(s) Ck ij(s)   [Eq. 10] 
 
Finally, due to the fact that the number of sexual partners a respondent reports may 
vary according the length of time between interviews in wave I and wave II, an exposure term is 
included in the equations predicting number of sexual partners which is multiplied by the 
exponentiated form of the log events rate (λij), as shown below  
 
Yij(s) = EXPOSURE*λij                                      [Eq. 11] 
 
To deal with the possibility of reciprocal causation between the measure of religiosity 
and the measures of deviance the predictors and outcome variables are taken from different 
waves. Maimon and Kuhl (2008) use this strategy to separate the effect of measures of 
predictors of suicidality and the outcome measure of suicidality. The major drawback of this 
approach, however, is that instead of direct effect of religious norms on behavior, the analysis 
measures the effect that religious norms have on future behavior.  
Population stratification poses another potential problem for these analyses. Population 
stratification is variation in allele frequencies within and between population groups (Cardon 
and Palmer 2003), which is potentially problematic because differences in allelic frequencies, if 
not controlled, may create the appearance of a relationship between a gene variant and a trait. 
To account for population stratification, race and gender controls are entered into the sample 
used to test hypotheses 1-3. The risk of population stratification is significantly reduced in the 
models testing hypothesis 4 because splitting the sample almost completely eliminates multiple 
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population structures within the samples. Splitting the sample clearly results in a loss of 
analytical power but such a strategy is likely the most effective away to avoid the potential of 
type 1 error.      
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RESULTS 
Hypothesis 1 Analyses. Turning to Table 2, religious salience and attending religious 
services at least weekly are both associated with lower levels of serious delinquency across all 
models. Table 5 shows that born again status and weekly attendance decrease an individual’s 
number of sexual partners.  Table 2 also shows that an individual’s level of delinquency at wave I 
of Add Health is positively associated with his or her level of delinquency in wave II. Similarly 
Table 5 shows that both serious delinquency at wave I and number of sexual partners at wave I 
are positively associated with an individual’s number of sexual partners at wave II. Finally, the 
controls indicate that being male is associated with higher levels of serious delinquency; that  
self-reporting as white has a significant  (or marginally significant) negative association with 
serious delinquency; and self-reporting as black has a significant (and marginally significant) 
positive relationship with an individual’s number of sexual partners in wave II of Add Health.   
Table 2 shows a significant interaction between self-reporting as born again and DAT1 
risk. (β=0.297; p=0.040). Predicted values were examined to understand the meaning of this 
interaction and the results are reported in Table 3. For both males and females, the highest level 
of delinquency is observed among those people without DAT1 risk and who were not born 
again. Among those without risk, self-identifying as born again has some protective effect 
against delinquency, although among those people with risk, delinquency was higher among 
those who self-identified born again. Thus, although a significant interaction was indeed 
observed, its meaning is inconsistent with expectations.  
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Table 2 also reveals a significant positive interaction (β=0.300; p=0.020) between 
attending religious services at least weekly and possessing DAT1 risk in the prediction of serious 
delinquency.  Table 4 presents the predicted values and shows that for both males and females, 
attending religious services at least weekly and not having DAT1 risk are associated with the 
lowest level of delinquency, as would be expected. However the highest level of delinquency is 
observed among those without risk and who are not weekly attendees. Among those with risk, 
delinquency is highest among non-attendees. Thus, once again, an interaction is observed but 
its meaning is counter-intuitive.   
Table 5 reveals significant interactions between self-reporting as born again and having 
DAT1 10R/10R (β=-0.469; p=0.027) and religious salience and having TaqIA A1+ (β=0.409; 
p=0.023). Table 6 reveals that although number of sexual partners is lowest for those without 
risk who report religion as salient, the number of sexual partners is highest for those with risk 
who view religion as salient. That is, the results suggest that TaqIA A1+ tends to have a stronger 
association with an individual’s number of sexual partners for those who feel religion is very 
important (diff=1.94) than those who do not (diff=0.395). Finally, Table 7 reveals that number of 
sexual partners is highest among those without risk who are born again and lowest among those 
with risk who self-identified as born again. Generally speaking then, although interactions are 
observed in Tables 2 and 5, the predicted values from Tables 3, 4, 6 and 7 (see Appendix A) 
show that the meanings of these interactions are not consistent with hypothesis 1.  
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Hypothesis 2. Tables 8 and 9 show no support for Hypothesis 2, which posits that the 
association between genetic factors and deviant behaviors should be lower for environments 
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characterized by strong religious norms compared to environments with weaker or non-existent 
religious norms. Significant interactions were expected to occur between either TaqIA or DAT1 
risk and the proportion of conservative Protestants in a county. In Table 8, a significant 
(β=1.993;  p=0.02) effect is apparent for conservative context in the DAT1 risk model. This effect 
indicates a positive relationship between an individual’s delinquency level and the level of 
religiosity in his or her county (No such effects were found in Table 9). 
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Hypothesis 3. Tables 10 and 11 provide no support for Hypothesis 3, which posits that 
the association between genetic variants and deviant behavior will be lowest among individuals 
who display high levels of individual religiosity within environments characterized by strong 
religious norms.  One marginally significant 3-way interaction (β=1.345; p=0.099) is reported in 
Table 11 for religious salience, TaqIA risk and proportion of Conservative Protestants in a 
county;  overall there is no evidence that religious environments, working in conjunction 
individual religiosity, reduces the effect of genes on deviant behavior in the population as a 
whole.  
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Hypothesis 4. Hypothesis 4 posits that the effect of gene variants on delinquency should 
be lower among females compared to males. To test this idea, models previously reported for 
the whole sample were re-estimated separately for males and females among blacks and among 
whites. It is possible that the relatively small sample sizes of the black female sub-group (n=178) 
and the black male sub-group (n=153) may be responsible for the presence of some marginally 
significant results from the analyses (which are not reported in the interest of parsimony). 
With respect to gender differences in Hypothesis 1, findings reveal interactions for 
white males and white females for serious delinquency. Table 12 reports results for white males. 
Similar to the findings for the full sample, the analyses reveal interactions between individual 
level religiosity and genetic risk in the prediction of serious delinquency.  Table 12 reveals a 
significant interaction (β=-0.577; p=0.018) between White males possessing TaqIA A1+ and born 
37 
 
again status in the prediction of serious delinquency among white males. Tables 13-15 (See 
Appendix B) reveal predicted probabilities for the white male sample. Table 13 clarifies this 
relationship by showing that White males who are born again and who possess the TaqIA A1+ 
polymorphism have the lowest level of serious delinquency (λij = 2.454). Table 12 also reveals 
two other interactions. Both born again status (β=0.979; p=0.00) as well as religious salience 
(β=0.724; p=0.002) interact with genetic risk. Table 14 suggests that born again status has a 
more powerful influence on delinquency among those white males with DAT1 risk. Table 15 
suggests an anomalous interpretation for the interaction involving DAT1 and religious salience. 
Table 16 shows the results for the white females and serious delinquency and reveals 
several significant interactions. Once again, the predicted values appear in the succeeding 
tables, Tables 17 through 19 (see Appendix C). Table 17 suggests that the effect of weekly 
attendance is much stronger among those white females without DAT1 risk. Table 18 suggests 
that self-identifying as born again is associated with increased serious delinquency among those 
without DAT1 risk. Table 19 suggests that religious salience matters most among those with 
DAT1 risk, with salience serving as a protective factor.   
Turning to subgroup differences in Hypothesis 2, significant interactions were observed 
for white (Table 7) and black females (Table 8). Table 7 shows a significant interaction between 
TaqIA risk and conservative context. Table 20 (Figure 2)(for both see appendix D) shows that 
increasingly conservative contexts lead to higher numbers of sexual partners among white 
females with DAT1 risk only. Table 8 also reveals a significant interaction for conservative 
context and DAT1 among black females. 7 
                                                          
7
 Due to significantly small effect sizes predicted probabilities are not provided for the black female 
sample. 
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 Finally, Hypothesis 3 was examined separately for groups defined by sex (male and 
female) and race/ethnicity (black, white).  The models for this possible three-way interaction are 
not presented, but the follow-up predicted values that facilitate the interpretation of the 
significant interactions appear in Tables 9 through 11 (Figures 3- 9). 
Tables 21 and 22 (See Appendix E) display the predicted values for 2 interactions for 
white females. Table 21 (Figure 2) (See Appendix E) reports values for an interaction involving 
TaqIA, weekly attendance, and conservative context. The results suggest that the protective 
effect of context is strongest among those who have the TaqIA risk and attend services weekly. 
Table 22 (Figure 3) (See Appendix E) reports the values for TaqIA, religious salience, and 
conservative context. The pattern suggests that, among those without TaqIA risk, number of 
partners decreases as conservative context increases; among those people for whom religion is 
not salient, however, the number of partners increases as conservative context increases.  
 Tables 23 – 25 (See Appendix F) display the predicted values for white males. Table 23 
shows results for born again status, DAT1 risk, and conservative context and suggests that, 
among those who self-identify as born again, conservative context and delinquency are 
positively associated among those without DAT1 risk, and negatively associated among those 
with DAT1 risk; however, this interaction is reversed for those who do not self-identify as born 
again. Table 24 also concerns born Again status, but in the prediction of number of sexual 
partners. A pattern similar to that observed for delinquency emerges: number of partners 
sharply drops off among those who self-identify as born again with DAT1 risk, but increases 
slightly among those without risk; among those people who are not born again, however, the 
reverse is observed such that conservative context is positively associated with partners among 
those with DAT1 risk, and negatively associated with partners among those without such genetic 
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risk.  Finally, for table 25, an interaction is apparent between religious salience, DAT1 risk and 
conservative context.  The pattern for those who are not religious is the same as in Tables 23 
and 24. For those for which religion is salient, there is a negative relationship between number 
of sexual partners and the proportion of conservative Protestants in a county; however, this 
relationship is much steeper for those who have genetic risk. 
 Finally, Tables 26 and 27 (See Appendix G) display the predicted values for interactions 
involving black males (no significant interactions were observed for black females). Table 26 
shows predicted values for weekly attendance, conservative context, and TaqIA. The pattern 
shows that conservative context is negatively associated with delinquency in all groups defined 
by TaqIA risk and attendance, but the effect is very pronounced among those with risk who do 
not attend on a weekly basis. Table 27 shows that TaqIA status matters (with those having risk 
reporting a greater number of sexual partners than those without risk) with a significantly higher 
average number of sexual partners among those who self-identify as born again.    
 
 
 
 
 
 
 
 
 
 
CONCLUSIONS 
 Overall these analyses suggest that individual religious factors, religious context, 
and these genetic variants are highly interactive in the prediction of serious delinquency and 
number of sexual partners. Numerous interactions were observed, as suggested by the 
conceptual model. However, on closer inspection, many of the interactions (as revealed by 
predicted values) were inconsistent with the hypotheses in terms of the direction of effects.  
Sub-group analyses suggest that these moderating effects differ across race and gender 
groups.  Specifically, born again status and weekly attendance seem to have a protective effect 
on genetic risk such that those who have risk who are religious tend to have the lowest levels of 
deviance within the sample. The presence of a protective effect, while unexpected, is supported 
by the social control model of genetic expression which postulates that religiosity actively 
reduces deviant behavior, which may occur to a great extent for those who have genetic risk 
compared to those without such risk. In regards to the interaction between born again status 
and individual religiosity, these findings may be revealing the effect of internalized cultural 
constraints on behavior based on religion. Specifically for White males, behavioral constraints 
encouraged by conservative Protestant teachings may have a greater effect for those with 
genetic risk because of reactions to past behavior by others or internal judgments on the 
morality of personal behavior based on trusted teachings. 
Conservative contexts have no effect on deviant behavior in the aggregate sample. 
These findings seem to contradict the moral communities thesis which posits that religious 
contexts alone, not individual religiosity, constrain human behavior.  However, conservative 
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contexts do affect the relationship between the number of sexual partners for White and Black 
females. Though there were no similar regulatory effects of Black males, the findings seem to 
support the idea that disproportionate regulation of the behavior of females within contexts 
tends to lower deviance for members of these groups to a greater extent than other more 
powerful groups. These findings open the door for further research examining the relationship 
between genes linked to behavior and societal beliefs and norms.   
Three-way interactions were evident for White males, White females and Black Males. 
For White Males and White females both individual and contextual religiosity has a protective 
effect for those with genetic risk across levels of contextual religiosity where the deviance of 
those who are religious who have genetic risk declines at a steeper rate compared to other 
groups within the sample. These interactions may indicate a historical role of religion on 
behavior where religiosity is used to regulate behavior that occurs naturally that is seen to be 
socially undesirable.  The steeper decline for those who are religious with genetic risk may 
reflect the effectiveness of religious belief and behavior in regulating behavior on both the 
individual and community level. 
 Also, the effects of born again status on delinquency in Black females and number of 
sexual partners in Black males may point to a different, but similar role of identifying as born 
again for Blacks. While born again may equal evangelical for white males, it is not likely that this 
is the case for Blacks, as a result it may be that the concept of born again as discussed in the 
previous half of this paper may only be valid for White males in the sample. These findings also 
call into question the moral communities thesis due to the fact that individual religiosity 
reduced the effect of genetic risk in multiple sub-groups despite the level of contextual 
religiosity. Finally, the lack of significance for the models examining violent delinquency may be 
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evidence for the anti-asceticism thesis which posits that religiosity has a weaker effect on more 
violent forms of deviance compared to non-violent forms due to the presence of secular forms 
of social control on violent forms of deviance.   These findings open the door for further 
research examining the relationship between genes linked to behavior and societal beliefs and 
norms.   
This finding is not unexpected because of the connection between race and born again 
documented by researchers such Emerson and Smith (2000) who find that White evangelicals 
who describe themselves as “born again” exhibit a distinctive culture separate from racial 
minorities and other Whites. Evangelical Males may use behavioral restraint as a form of 
“boundary maintenance” within evangelical culture and, as a result, have lower levels of deviant 
behavior than members of other groups. 
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LIMITATIONS 
While the proposed analytic strategy tests the hypotheses, some limitations should be 
noted.  First, because the genetic sub-sample is not a probability sample, results may not be 
generalizable to the larger population of adolescents. Second, the full genetic subsample is small 
and thus quite underpowered given the highly interactive hypotheses being tested; it may well 
be that many of the anomalous findings represent sampling variability. The problem becomes 
more acute yet with the necessity to split the sample into smaller subsamples by race and 
gender due to possible genetic stratification and also given the distinct possibility that the 
hypothesized interactions may have small effect sizes.  A third limitation of the analysis is the 
fact that deviant acts, by definition, are relatively rare within the population. This produces the 
problems of relatively small cell sizes which could create erroneous effects or obscure real 
effects.  A fourth limitation is that measures of religiosity are often subject to social desirability 
bias (Carr and Hauser 1976). While it’s not possible to decipher the specific direction of bias 
within a multivariate framework, it is likely that individuals would give answers that would over-
report an respondent’s religious involvement.  Also, while Add health does not possess specific 
instruments to deal with social desirability bias; have a larger number of cases would reduce the 
effect of individual cases on results and would minimize the impact of individual biased cases.  
All four of these limitations can and will be addressed with the released of the Wave IV genetic 
data. . Finally, because of the number of statistical tests conducted for these analyses, some of 
the significant findings may be due to random chance and therefore constitute spurious 
findings.  While statistical corrections would reduce the risk of this particular form of bias, they 
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would have created a significant risk of false negative results, which was deemed as 
unacceptable for these particular analyses. This particular decision will be reassessed with the 
wave IV full sample and the proper corrections will take place at that time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IMPLICATIONS FOR FUTURE RESEARCH 
Research on gene-environment Interactions is in the earliest stages and studies looking 
at the effect of religiosity on both the individual and contextual level are practically non-
existent. However, due to the continued impact of religion within societies around the world, 
and in particular within the United States (see Chaves 2008 for current trends in Church 
Attendance and religious participation), the impact of religiosity on genetic expression remains a 
vital topic for sociological study. In particular, it is important to understand the conditions under 
which religions regulate human behavior.  
Religion continues to serve as a means of social control, reducing the prevalence of 
behaviors that violate religious norms. Research looking at the interaction of genes and 
religiosity on both the individual and contextual level may one day help us understand the 
complex mechanisms behind the connection between genes and behavior and how 
environments (in particular religious environments) affect that connection.  
Religion also has an impact on health outcomes as evidenced by a number of studies 
that look specifically at the religion-health connection (see Koenig 2008 for a current list of 
studies). Research seeking to understand how religion interacts with genes to impact health is 
critical in regards to increasing our understanding the specific biological mechanisms behind the 
religion-health connection as well as to understand of how genes work in the lives of everyday 
individuals, the vast majority of which are affiliated with a religion in some way.  Also, 
understanding how religion affects the expression of genes connected with health outcomes 
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may one day help us utilize what we know about an individual’s religious beliefs to tailor 
treatments that are conducive to their lifestyle. 
Finally, understanding how religion affects gene expression may give us a better 
understanding of the role that religion has played in human society historically. Understanding 
the role religion has played in human survival as well as in social and biological evolution could 
point to an evolutionary model of religion that could give us a better understanding of the 
almost ubiquitous nature of religious forms across virtually all human societies. 
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